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Background

Goal: Parallel hybrid vehicle simulation
— Detailed electrical models
— Full vehicle system context

Approach: Co-simulate detailed Saber electric
component models in the full vehicle system context
of ADVISOR

— Saber is often chosen for detailed electric
component modeling

— ADVISOR (ADvanced Vehlcle SimulatOR), based in
MATLAB/Simulink, is often chosen for modeling
full vehicle systems
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Description of Full Vehicle Simulation

« ADVISOR models

— Electrical solutions based upon power
flow, not circuit equations
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Description of Full Vehicle Simulation

« Saber models
— Sets up actual circuit equations
— Solves circuit differential equations
— Can also use empirical models

Electric
Traction
Motor

mazxtorqueavail
from ADVISOR

me_spd_req (rpm)
from ADVISOR

{on/off Signal)




Description of Full Vehicle Simulation
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Communication

Between Models

Description of Full Vehicle Simulation

Exchange Parameters at Each Time Gate

—

Electrical System Propagation

A

v

Propulsion System Propagation

W, time=T+delta T

Independent Propagation
During Each Time Step
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Using the Simulation

« ADVISOR is Simulink model based. The model, however,
runs in the background.

* Three main figures sit on top of the model to feed it data
and receive results.

Vehicle Input Figure

Simulation Setup

Results Figure

=

¢ Load Saber co-
simulation model
parameters

o Swaptothe ADVISOR ¢ Setupdrive cycle ,
co-simulation model ¢ Choose Auxiliary Loads ' e

¢ View ADVISOR Results
¢ View Saber Results




Using the Stmulation
Vehicle Input Figure

-} ¥ehicle Input--ADYISOR 2003beta
File Edit Units Help

Vehicle Illpllt Load File ||S.t’-‘«BEFH_F'.-’-‘-.F!_cIefaults_in - Auta-Size |
Drrivetrain Conf |saber_par j ,-f;?;,ﬁ:;p;?:::s

(k'] kgl

o Vehicle ?|  x||veH_smcan =l 532

7 FuelConverter  |licl =R [|si =] |FC_5141_emis [z Jo34 128

IV Eshaust Aftertreat | - ~|[Ex% si ~| 4ot mad ¥ nom 10

Irl_ Energy Storage nink ¥ ||:|b ﬂ |ESS_F'B25 - 19 234 209
¥ Energy Storage 2 || saber |[pb  v||ES52_PEG4 14¥ saber >[I 5 | 12 | 13
v Matar | x| |MC_aCTs =l 56 ||oez 68

| Mow2 | | | Iid
r HAY - 7
[T Tranzmission mar ﬂ b |rr f j | T:<_B5PD I 1 114
Component Plot Selection ’— ] ? | J | J
fuel_converter j |fc_efﬁciency ﬂ ’_ j ? |_ __| | J
Fuel rter Operati :
Geo I.DLcLeﬁkw?JmsrleEirginze- Sansiart data 4 MI =] ~JTe_pummy = 1
a0 v Wheel/dsle | Cr W~| ? WCr Y ~|/|wWH_SMCAR - 1]
s m 2 . Accessoy  ||War =] 7 JSpd L~ |JACC_SMALL CAR_AC ~
50 o ] .
g [V Powertrain Control [{sabP. =) 7 [{man PTC_PaR_Saber i
@ 40 1 Cargo 117
fa —
2 Pes ——— TR . Calulated Mass 1254
n ;K /_E\/\/ ! iew Block Diagram| iD_ _saber_cosin l loveridemass | 1
a 1EI|:I|:I ZEIDD 3DDEI 4DDD 5EIEI|:I B000 Campaneht |fue|_CDnVE[[e[ ﬂ M

Speed (rpm) Wariables | fc_acc_mass ~| 32805




Powering
Sustainable
Transportation

Simulation Parameters--ADYISOR 2002
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Using the Stmulation
Auxiliary Loads Figure
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Using the Stmulation
Results Figure
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Hybrid Battery Sizing Sample Study
Problem Definition

Objective

— Maximize fuel economy over urban dynamometer
driving schedule (UDDS)

Constraints

— Accelerate from 0 to 60 mph in 11 seconds
— Stay within 2 mph of UDDS speed trace
Design variables

— Engine size

 Nominal engine size: 41 kW

* Engine scale limits: 16.4 kW — 61.5 kW
— Motor size

 Nominal motor size: 75 kW

* Motor scale limits: 7.5 - 37.5 kW
— Discrete Battery Capacity

144 V NiMH

* 45 Ah, 60 Ah, 90 Ah
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Hybrid Battery Sizing Sample Study
Problem Definition

« Simplifying assumptions
— Power assist parallel Saber co-simulation
vehicle (small car)

— Linear SOC balancing (computational
efficiency)

— DIRECT optimization routine

Select Subdivide
Start Rectangles & Sample

Iteration 1

Iteration 2
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Fuel Economy Improvements from Optimization

m Baseline m Optimal

Battery Type

Baseline

Baseline

Fuel Economy (MPG)

Baseline

45 Ah Battery 60 Ah Battery 90 Ah Battery
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Conclusions

ADVISOR can now simulate a more detailed paraliel
electric hybrid by co-simulating with Saber

Electrical component suppliers can now evaluate
their Saber models in a full parallel hybrid vehicle
context

The co-simulation is completely integrated

— Saber values are automatically sent in from
ADVISOR

— Automatically runs from the ADVISOR graphical
user interface

The co-simulation is robust
— Capable of automated optimization routines
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